ABSTRACT The effects of graded levels of corn distillers dried grains with solubles (DDGS) were investigated as a partial replacement for sources of protein, energy, and other nutrients for broilers when the digestible amino acid balance was maintained. Zero, 8, 16, and 24% DDGS were incorporated into isonutritive diets at the expense of corn, soybean meal, and dl-Met. Poultry oil, l-Lys, and l-Thr additions increased with increasing levels of DDGS. Diets were each fed to 36 Cobb 500 straight-run broilers in 6 floor pens in 2 experiments. In experiment 1, broilers fed ≥8% DDGS showed increased BW gain compared with those fed the control diet during the 0-to 18-d starter period (P = 0.0164) but were almost identical in BW at 42 d (P = 0.9395). The only difference at 42 d was in the carcass fat composition of female broilers: percentage of fat pad decreased with increasing DDGS level (P = 0.0133). Corn DDGS reduced the pellet durability index. However, the pellet durability index was not related to growth or feed utilization. In experiment 2 at 42 d, broilers fed all levels of DDGS showed increased BW gain compared with those fed the control diet. Broilers may perform well when fed properly balanced feeds containing up to 24% DDGS despite reduced pellet quality.
INTRODUCTION
Distillers dried grains with solubles (DDGS), whether from corn or other cereals, can be a good feed ingredient for all classes of poultry based on its nutrient profile. Estimates of how much corn DDGS can be effectively fed to poultry vary: Waldroup et al. (1981) concluded that 25% DDGS could be fed to broilers without harmful effects when supplementing their corn-and soybean meal (SBM)-based diets with only Met. In sharp contrast, Parsons et al. (1983) demonstrated that only 8% DDGS could be fed to broilers when Met and Lys were supplemented. Lumpkins et al. (2004) concluded that broiler starter diets should not contain more than 12% DDGS and that grower-finisher diets could contain 12 or 15% DDGS. However, their data also suggest that broilers perform well with 15% DDGS in the starter diet with adequate energy, and with 18% in the growerfinisher period. More recently, Wang et al. (2007) fed DDGS at 5% increments from 0 to 25% of the diet and concluded that good-quality DDGS could be used in broiler diets at levels of 15 to 20% with little adverse effect on live performance. However, it might result in some loss of dressing percentage or breast meat yield.
The inclusion of DDGS in corn-and SBM-based feeds is known to impair pellet quality (Behnke, 2007; Srinivasan et al., 2009) . The objectives of this study were 1) to investigate the effects of graded levels of DDGS on broiler performance when the digestible amino acid (AA) balance was maintained by setting minima on 8 essential AA, and 2) to measure the pellet durability index of the feeds.
MATERIALS AND METHODS
Experiments 1 and 2 were conducted in a broiler house with space heaters and evaporative cooling. Target temperatures were 30, 29, 27, 26, 24, 23, and 21°C for d 0 to 3, d 4 to 6, d 7 to 12, d 13 to 15, d 16 to 22, d 23 to 35, and d 36 to 42, respectively. High and low temperatures were recorded daily and did not vary from targets by more than 2°C. Stirring fans maintained uniform temperatures within the room of 24 pens with separate heating and cooling systems. The broiler house was completely enclosed, and lighting was provided by fluorescent bulbs. Photoperiods were 23L:1D in both experiments.
For each experiment, 864 male Cobb × Cobb 500 broiler chicks were randomly allocated, 36 per pen, to 24 floor pens (119 × 300 cm) covered with pine shavings. Each pen was considered a replicate. There were 4 dietary feeding regimens (treatments), with each regimen consisting of a starter diet from 0 to 18 d, a grower diet from 19 to 35 d, and a finisher diet from 36 to 42 d in experiment 1 and a starter diet from 0 to 18 d, a grower diet from 19 to 28 d, and a finisher diet from 29 to 35 d in experiment 2. The nutrient profile of the ingredients used in formulating the diets is shown in Table 1 . The basal (0% DDGS) and summit (24% DDGS) diets (Table 2) were mixed and blended to form the diets with intermediate levels of DDGS (8 and 16% DDGS) . Locally purchased ingredients were used for the diets. The DDGS used was supplied by Keystone Foods (Huntsville, AL). Diets were formulated on a digestible AA basis, to meet the levels in Table 3 , by using coefficients for corn, SBM, and meat and bone meal from Ajinomoto Heartland LLC (2004) . Amino acid digestibility coefficients for DDGS were based on values reported by Batal and Dale (2006) and Fiene et al. (2006) . Starter diets were fed as crumbles, and grower and finisher diets were fed as 5-mm pellets. Feed and water were provided ad libitum. Feed and average pen weights were recorded at the beginning of the study and at the end of the starter, grower, and finisher phases for determination of BW gain and adjusted feed conversion ratio.
The durability of the pellets produced by a California pellet mill (1973, California Pellet Mill Co., Crawfordsville, IN) was determined according to American Society of Agricultural Engineers standard method S269.4 (American Society of Agricultural and Biological Engineers, 2007) . The pellets were made at 65.6 to 68.3°C and cooled to room temperature (22°C) and approximately 500 g was used for each test. Prior to testing, the pellets were sieved using round-hole sieves with screen sizes of 4.0 and 4.8 mm corresponding to the pellets made using die diameters 4.8 and 5.2 mm, respectively. The pellets were tumbled inside a pellet durability tester for 10 min. The pellets were sieved after tumbling, and the pellet durability index was calculated as the ratio of the mass of pellets remaining on a sieve after tumbling to the initial mass before tumbling.
In both trials, birds were handled according to the University of Georgia Animal Use and Care Guidelines. In experiment 1 only, before placement on d 1, chicks were separated by sex. Six birds of each sex were randomly selected from each pen and tagged for processing. The first 4 tagged birds randomly caught on d 42 were processed on d 43. These birds were taken off feed approximately 12 h before slaughter and placed in pens with birds from all 4 treatments. Birds were cooped (water withdrawal) approximately 2 h before slaughter. The birds were stunned with 14 V, 60 Hz AC for 9 s by a commercial stunner (Simmons model SF-7001, Simons Engineering Co., Dallas, GA) and then killed by manually cutting the carotid artery and jugular vein on the side of the neck. After exsanguination, the birds were scalded at 54°C for 120 s and picked for 30 s. The scalder (Cantrell Model SS300CF, Cantrell Machine Co. Inc., Gainesville, GA), picker (Cantrell Model CPF-60, Cantrell Machine Co. Inc.), and eviscerator Supplied 67.4, 67.4, and 40.5 mg of Cu/kg of starter, grower, and finisher diets, respectively, as a growth promoter.
6 Premix = 59.5 mg of monensin/kg of diet added.
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Calculated from NRC (1994). Batal and Dale (2006) and Fiene et al. (2006) . Basal diet = 0% DDGS; summit diet = 24% DDGS. Means in a column without a common superscript are significantly different (P < 0.05).
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Main effect means ± SE of 6 pens of 36 birds.
2 DDGS = distillers dried grains with solubles.
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(Cantrell Model Mark 4, Cantrell Machine Co. Inc.) in the automated line system used imposed most of the physical stresses normally encountered under commercial processing conditions with the exception that the warm eviscerated carcasses were static-chilled in slush-ice for 4 h rather than by convective agitation. Carcasses were then chilled and individually wrapped in plastic bags and placed in a cool room (5°C) until they were dissected on d 44. Carcasses were suspended on cones and the breast skin was removed and breast meat was cut from the carcass along with the wings. The wings were subsequently removed from the breast meat. Both femurs were dislocated to remove the thighs from the frame.
Statistical Analysis
Analysis of variance was performed on all data for both experiments using the GLM procedure of SAS (SAS Institute, 2006) appropriate for a one-way design. Treatment means were compared using Duncan's new multiple range test (Duncan, 1955) at α = 0.05.
RESULTS AND DISCUSSION
The feeds containing higher levels of DDGS contained higher levels of CP (Table 2) because they were formulated to maintain minimum digestible AA levels (Table 3) . A total of 7 AA (Met, TSAA, Thr, Val, Ile, Trp, and Arg) were set as minima relative to digestible Lys. The fourth limiting AA, as determined by the targeted minimum ratios (Val in the 0% DDGS diet and Arg in the 24% DDGS diet) became the constraint that dictated the minimum level of CP. In all phases, the broilers performed very well, similar to the performance expectations of the breeder (Table 4) .
Broilers fed the diets containing the higher levels of DDGS had greater BW gain than broilers fed 0% DDGS during the starter phase in experiment 1 (Table  5) . That was the only performance difference detected. At 42 d, a difference of only 2 g/bird was found in birds fed 0 vs. 24% DDGS. Processing measurement results were similar for birds fed the diets with different levels of DDGS (Table 6 ). The only significant difference in carcass measurements among treatments was observed for kilograms and percentage of fat in the female carcasses, which increased with increased levels of DDGS (P < 0.05). Because there was no apparent biological reason for this difference, we considered that it was declared significant by chance alone. Taken with the opposite trends noted for fat pad measurements for male and female broilers, little evidence exists to support the hypothesis that any negative changes occurred in carcass measurements from feeding DDGS in this experiment. If there were any changes from feeding DDGS, the effect was small and positive. It would not be surprising if female broilers had reduced carcass fat because of the slightly higher protein levels in the higher DDGS diets (Donaldson et al., 1956) .
Pellet durability was negatively related to the proportion of DDGS in the feeds (Table 7) . Two factors probably contributed to reduced pellet quality when DDGS was included in the feeds: higher DDGS levels and higher poultry fat levels. An explanation is lacking for why broilers fed DDGS performed very well despite the reduced pellet quality. Therefore, the reduced pellet quality observed when feeding DDGS should not be regarded as negative.
Broilers fed DDGS in experiment 2 had increased BW gains compared with those fed the basal diet (Table 8) . Lumpkins et al. (2004) evaluated DDGS as a feed ingredient for broilers and concluded that DDGS can be safely used at 6% of the diet in the starter phase and at 12 to 15% in the grower and finisher periods. However, Lumpkins et al. (2004) speculated that when they fed DDGS, the high level of dietary protein of corn origin and the corresponding decrease in soybean protein may have contributed to the depressed performance because of a marginal Lys deficiency. This could have occurred as their diets were formulated to maintain minimum CP levels and on a total AA basis balanced for Met, TSAA, and Lys only. In experiments 1 and 2, minimum digestible AA were adjusted for constant ME levels. Even chicks fed 24% DDGS had excellent growth performance with an adequate digestible AA balance.
Variation exists in raw ingredients and processing methods and samples Dale, 2003, 2006; Fastinger and Mahan, 2006; Fiene et al., 2006; Martinez-Amezcua et al., 2007) . Differences in processing methods and DDGS origin may explain the improved performance at relatively high levels of DDGS in experiments 1 (starter phase only) and 2 and in earlier studies in which similar DDGS levels impaired growth (Parsons et al., 1983; Lumpkins et al., 2004) . Almost all these early trials were based on using total AA values rather than digestible values, and AA constraints were often set for only Met, TSAA, and Lys. Corn DDGS processing methods and the quality and nutrient digestibility values of the DDGS are variable. Not fully adjusting for the quality and composition of the DDGS and other ingredients used may have affected the outcomes, as may have the formulation models, especially fat and AA supplementation. In early trials with DDGS, often only Met or Met and Lys were supplemented (Waldroup et al., 1981; Lumpkins et al., 2004) . Using an ideal AA balance along with digestible AA values, as was done in this trial, is the best means of fully realizing the true value of a by-product ingredient such as DDGS. Failing to use these approaches could otherwise reduce the perceived value of the DDGS being tested. Experimental power is also an important consideration that may affect conclusions between experiments. In experiment 2, a 108-g difference in 35-d BW was declared significantly different from zero. In the study by Wang et al. (2007) , a 113-g decrease in 42-d BW was not significant. With a similar product at 25% of the diet, Applegate et al. (2009) observed that broilers were 70 g heavier to 42 d, but the difference was not significant at P < 0.05.
The research demonstrates that broilers may perform acceptably when high-quality DDGS is fed and the diets are properly balanced on a digestible AA basis. This performance may be achieved in spite of reduced pellet quality related to feeding DDGS.
